(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

26.06.1996 Bulletin 1996/26 

(21) Application number: 95420347.7 

(22) Date of filing: 05.12.1995 



(11) EP 0 718 048 A1 

EUROPEAN PATENT APPLICATION 

(51) mtci* B05D 1/00, B32B 3/02 



(84) Designated Contracting States: 


• Collier, Susan S., c/o Eastman Kodak Co. 


DE FR GB NL 


Rochester, New York 14650-2201 (US) 


(30) Priority: 20.12.1994 US 359371 


(74) Representative: Boulard, Denis et al 


Kodak-Pathe 


(71) Applicant: EASTMAN KODAK COMPANY 


Departement Brevets 


Rochester, New York 14650-2201 (US) 


CRT-Zone Industrlelle 




71102 Cha!on«sur-Sa6ne Cedex (FR) 


(72) Inventors: 




• Walters, David W., c/o Eastman Kodak Co. 




Rochester, New York 1 4650-2201 (US) 





CO 

o 

00 

o 

CL 
LU 



(54) Spin process for highly conformal coatings 

(57) A substrate is rotated at a first bead of less than 
or equal to 500 rpm per second. A coating composition 
solution is applied to the substrate at this point. The sub- 
strate is then accelerated at a first rate of between 300 
and 1200 rpm per second. When the speed of the sub- 



strate reaches approximately 3000 rpm per second, a 
second acceleration is initiated at a second rate of great- 
er than or equal to 3000 rpm. The coating composition 
is set and the substrate is decelerated. This process pro- 
vides a more conformal coating of the composition pro- 
viding better push-pull unwritten variability. 
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Description 

The present invention relates to a process for coat- 
ing a low viscosity, highly volatile fluid onto a featured 
substrate in a spin coating process. More particularly, 
the present invention provides a method for producing 
reduced radial variability in coating conformality on CD 
media thereby improving unwritten performance. 

Spin coating is a process commonly used to coat 
thin film onto a flat substrate. During the process of spin 
coating, a small quantity of fluid containing a volatile sol- 
vent, is dispensed onto a rotating substrate. The sub- 
strate rotational speed is then accelerated to a high 
speed, typically several thousand rpm. The centrifugal 
forces result in a radial fluid flow during which most of 
the fluid is rotated off the substrate. Simultaneously, 
evaporation of the fluid begins at the inner diameter and 
progresses to the outer substrate rim, leaving a thin film. 
The solvent continues to evaporate from the rotating 
substrate because of atmospheric gas flowing about the 
substrate, and the film eventually dries. At this point, the 
substrate is decelerated to rest. The resulting coating 
thickness and uniformity are highly sensitive to both the 
JlujMow^by^spinroff. and evaporation.lln photo GD as 
well as multi-write optical media, the objective is to bal- 
ance the spin coating process conditions to obtain a uni- 
form dye deposit across the substrate that is character- 
ized by a molded, grooved surface. 

The spin coating process is carried out by dispens- 
ing a sufficient amount of fluid onto a substrate at the 
inner diameter to flood it with coating fluid followed by a 
first stage low rotational speed and an acceleration to a 
second higher rotational speed. This is described in US- 
A-5,1 99,988. If necessary, the substrate can be rotated 
at a series of increasing rotational speeds as described 
in US-A-4,267,212. Rotation proceeds for a specified 
amount of time during which the fluid flows and the film 
thins by a combination of centrifugal and evaporation 
forces (See Journal of Electrochemical Society , 137; 
1990) Finally, the substrate is decelerated to rest. An 
example of such a spin profile is shown in Figure 1 . 

It has been found that in the process described 
above, the applied coating conformality on a featured 
substrate depends on the particular coating fluid solvent 
and the coating process spin cycle, such as time, rota- 
tional speed and rotational speed rate of change. There- 
fore, these parameters are controlled by controlling the 
coating process spin cycle parameters in a linked rela- 
tionship with each other. Prior art methods, although 
somewhat successful, do not provide a radially uniform 
conformai coating on the substrate when using the spin 
coating process. The present invention is a process in 
which a decreased conformality variability coating is ob- 
tained using the spin coating process. 

The present invention is a process for spin coating 
a substrate. The process includes providing a grooved 
substrate and applying a liquid coating composition to 
the substrate at an inner diameter. The substrate is spun 



at a speed of less than or equal to 500 rpm until the 
coating composition, at a predetermined diameter of the 
substrate, has reached a predetermined thickness. The 
substrate is then accelerated at a first rate of about 300 
s rpm per second to about 1 200 rpm per second until the 
rotational speed of the substrate is less than or equal to 
about 3000 rpm. The substrate is then accelerated at a 
second rate of greater than 3000 rpm per second during 
which the coating composition on the substrate is set. 
10 This reduces the radial conformality variability of the 
coating composition thereby producing a reduction of 
the unwritten performance variability. 

The reduced unwritten performance variability ad- 
vantageously provides a superior product. 

According to one embodiment, the grooved sub- 
strate is a spiral-grooved substrate. 

Figure 1 shows the spin profile of the prior art spin 
coating process. 

Figure 2 shows the spin profile of the present inven- 

20 tion. 

Figure 3 shows a comparison of the conformality of 
the coating as a function of radius using the prior art spin 
profile and the present invention spin profile. 

~ Figur e 4-shows a comparison of the unwritten push- " 

25 pull performance as a function of radius of a substrate 
coated using the prior art spin profile and the present 
invention spin profile. 

Figure 5 shows a comparison of the radial contrast 
before recording as a function of radius of a substrate 
30 coated using the prior art spin profile and the present 
invention spin profile. 

For a better understanding of the present invention 
together with other objects, advantages and capabilities 
thereof, reference is made to the following description 
3S and appended claims in connection with the above de- 
scribed drawings. 

The present invention provides a spin coating proc- 
ess which can coat a low viscosity fluid to form a thin 
film on a substrate that results in low variability in un- 
40 written performance. Unwritten performance such as 
push-pull is related to phase difference which is related 
to conformality. 

A description of optical phase difference and push- 
pull can be found in US Patent 5,080,946, (see column 
& 6, lines 19-60). For the present application, the following 
is a general definition of the term radial contrast before 
recording. The signals before recording include: 



so 



as: 



^ - which corresponds to the land level signal. 
I g - which corresponds to the groove level signal. 

The radial contrast RC before recording is defined 
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The novel coating process of the present invention 
includes the following elements: low speed fluid appli- 
cation followed by; a first stage low rotational speed and 
two linked spin cycle accelerations to a second stage 
high rotational speed. An example of such a spin coating 
profile is shown in Figure 2. The first rotational acceler- 
ation step establishes coating thickness. The second 
linked higher acceleration step increases the applied 
coating conformality at the outer diameter of the sub- 
strate, thereby reducing the variability of the unwritten 
push-pull and radial contrast across the disk. The time 
at which the second acceleration is initiated affects the 
subsequent increase in conformality, unwritten push- 
pull, and unwritten radial contrast. 

Figure 2 shows the linked acceleration spin profile. 
The substrate to be coated is initially accelerated to a 
speed of less than or equal to 500 rpm and the coating 
fluid is applied. After the fluid is applied, the substrate 
is accelerated at a first rate of about 300 rpm per second 
to about 1200 rpm per second until the rotational speed 
of the substrate is less than or equal to approximately 
3000 rpm. This is shown generally as Al in Figure 2. The 
substrate is then accelerated at a second rate of greater 
than approximately 3000 rpm per second during which 
the coating composition is set. This is shown generally 
as A2, When the speed of the substrate reaches approx- 
imately 5000 rpm, the acceleration is stopped. The 
speed of 5000 rpm is the maximum speed possible with 
the present equipment. The substrate is rotated at this 
speed for a period of time sufficient to set the coating 
composition. Once the coating composition is set the 
substrate is decelerated and the coating process is com- 
plete. In the examples shown in Figure 3 and 4 the sub- 
strate was polycarbonate having a spiral grooved track 
between lands. The coating composition included an or- 
"ganicsolvent. The organic-solvent can- include-octane,- 
dioxane, ethylcyclohexane, dimethylecyclohexane, or- 
thoxylene, methoxypropanol, methlycyclohexane, diac- 
etone alcohol and others. 

Figure 3 shows a conformality variability of the coat- 
ing composition as a function of the second accelera- 
tion. Line A shows what happens when there is no sec- 
ond acceleration. As shown in Figure 3, the conformality 
shows a steady decline from the inner diameter to the 
outer diameter. Lines B, C and D all use the process of 
the present invention. Line B initiates the second accel- 
eration at approximately 3 seconds after the first accel- 
eration. The angular speed of the substrate at the initi- 
ation of the second acceleration was approximately 
2600 rpm. Line C initiates the second acceleration ap- 
proximately 2.8 seconds after the first acceleration and 
Line D initiates the second acceleration approximately 
2.6 seconds after the first acceleration. As can be seen 
from Figure 3, the conformality variability of the coating 
composition is reduced using the linked acceleration 
profile of the present invention. In these trials the first 
acceleration rate A1 was approximately 800 rpm/sec 
and the second acceleration rate A2 was approximately 



4800 rpm/sec; 

Figure 4 shows the push-pull before recording as a 
function of the radius, in Figure 4 the lines A, B, C and 
D correspond to the lines A, B, C and D of Figure 3. It 

5 is apparent that in cases B and C the push-pull variability 
is reduced by the application of the second acceleration. 

Figure 5 shows the radial contrast before recording 
as a function of radius. Again, lines A, B, C and D cor- 
respond to lines A, B, C and D of Figures 3 and 4. As 

io can be seen from Figure 5, the radial contrast variability 
is reduced using the spin profile linked acceleration 
process of the present invention. Again, it is apparent 
that from cases B, C and D that radial contrast is im- 
proved by application of the second acceleration. 

15 

Claims 



1. A process for spin coating a substrate comprising: 

providing a grooved substrate; 

applying a liquid coating composition to the 

substrate; 

spinning the substrate at a speed of less than 
or equal to 500 rpm until the coating composi- 
tion, at a predetermined diameter of the sub- 
strate has reached a predetermined thickness; 
accelerating the rotational speed of the sub- 
strate at a first rate of about 300 rpm/sec to 
about 1200 rpm/sec until the rotational speed 
of the substrate is less than or equal to 3000 
rpm; and 

accelerating the rotational speed of the sub- 
strate at a second rate of greater than or equal 
to 3000 rpm/sec during which the coating com- 
position is-set. — — 

2. The process according to claim 1 wherein the coat- 
ing composition comprises an organic solvent. 

3. The process according to claim 2 wherein the or- 
ganic solvent comprises octane and dioxane. 



4. The process according to wherein the substrate is 
45 polycarbonate. 

5. A method of increasing the conformality of a coating 
composition comprising: 
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providing a grooved substrate; 

applying a liquid coating composition to the 

substrate; 

spinning the substrate at a rotational speed of 
less than or equal 500 rpm to spread the coat- 
ing composition from an inner diameter to an 
outer diameter of the substrate; 
accelerating the rotational speed of the sub- 
strate at a first rate of about 300 rpm/sec to 
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about 1 200 rpm/sec; and 
accelerating the rotational speed of the sub- 
strate at a second rate of greater than or equal 
to 3000 rpm/sec wherein the liquid coating 
composition is set and the conformality of coat- s 
ing composition at the outer diameter is in- 
creased whereby reduction of unwritten per- 
formance variability results. 

The method according to claim 5 wherein the coat- io 
ing composition comprises a volatile organic sol- 
vent. 

The method according to claim 6 wherein the vola- 
tile organic solvent comprises octane and dioxane. is 

The method according to claim 5 wherein the sub- 
strate comprises polycarbonate. 
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